
per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(11) International Publication Number: WO 93/10254 

^1 (43) International Publication Date: 27 May 1993 (27.05.93) 



(51) International Patent Qassification 5 : 

C12P 17/14, C07D 277/34 
C07D 263/44, 417/12, 413/12 
A61K 31/425, 31/42 



(21) Intemational Application Number: PCT/GB92/02 140 

(22) International Filing Date: 19 November 1992 (19.1 L92) 



(30) Priority data: 
9124513.4 



19 November 1991 (19.1 1.91) GB 



(71) Applicant (for all designated States except US): SMITH- 

KLINE BEECHAM PLC. [GB/GB]; New Horizons 
Court, Brentford, Middlesex TW8 9EP (GB). 

(72) Inventors; and ^ 
(75)Inventois/Applicants (for US only) : HINDLEY, Richard, 

Mark [GB/GB]; SmithKline Beecham Pharmaceuticals, 
Great Burgh, Yew Tree Bottom Road, Epsom, Surrey 
KT18 5XQ (GB). WORONIECKI, Stefan, Roland [GB/ 
GBl; SmithKline Beecham Pharmaceuticals, Brockham 
Park, Betchworth. Surrey RH3 7AJ (GB). 



(74) Agent: RUTTER, Keith; SmithKline Beecham, Corporate 
Patents, Great Burgh, Yew Tree Bottom Road, Epsom, 
Surrey KT18 5XQ (GB). 

(81) Designated States: AU, CA, JP, KR, US, European patent 
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, 

MC, NL, SE). 



Published 

With intemational search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of\ 
amendments. 



(54) Title: PROCESS FOR THE PREPARATION OF PHARMACEUTICALLY ACTIVE THIAZOLIDINE OR OXAZOLI- 
DINE COMPOUNDS BY A YEAST REDUCTASE 




(D 




(57) Abstract 



(ID 



A process for preparing a compound of formula (I), or a tautomeric form thereof and/or a pharmaceutically acceptable 
salt thereof and/or a pharmaceutically acceptable solvate thereof, wherein: T represents a substituted or unsubst.tuted aiyl group 
and Ti is O or S ; which process comprises, treating a compound of formula (11), or a «t"to™e^f /o™.*e«of and^^^^^^^ 
thereof and/or a solvate thereof, wherein T and T' are as defined in relation to formula (I), wi h a microbial ^durtase olv 
tained from an appropriate red yeast; and thereafter, as required, preparing a pharmaceutically acceptable salt and/^r a 
pharmaceutically acceptable solvate of the compound of formula (I) or a tautomenc form thereof: compounds prepared by 
such a process and the use of such compounds in medicine. 
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PROCESS FOR THE PREPARATIOM OF PHARMACEUTICALLY ACTIVE THIAZOLIDIME OR OXAZOLIDIKE 
COaPOUMDS BY A YEAST REDUCTASE 

This mvmtion suites to & siiovqI process for preparmg d&rtain substituted 
5 thiazolidmedioioe derivatives, to certain novel compouBds, to 

pharmaceuticel compositiosis comprising such compounds and to the use 
of such compounds in medicine. 



European Patent Application, Publication Number 0 306228 discloses 
10 integ jaHa certoin thiazolidinedione derivatives of formula (A): 



B be 

R n R 

" 0 



a I 1 I /P 

A — ts!_(CH2)„._(>UA -4— a^— <:-f 




(A) 



15 or a tautomeric form thereof and/or a pharmaceutically acceptoble salt 
thereof, and/or a pharmaceutiodly acceptoble solvate thereof wherehr 
A^ represente a substituted or unsubstituted aromatic heteroQrdyi group; 

represente a hydrogen atom, an alkyi group, an acyl group, an aralkyi 
20 group, wherein the aryi moiety may be substituted or miisubstituted, or a 
substituted or unsubsMtuted aryi group; 

and each represent hydrogen or and together represent a 

»_ J 

A^ represente a benzene ring having in total up to five substituente; and 
25 n* represmte an integer in the range of &om 2 to 6. 



EP 0306228 also discloses a process for-convertissg compounds of formula 
(A), in particular a process for reducing the benzyMdene double bond of 
compouxxds of formula (A) wherein R^ and R^ together represent a bond to 
30 provide compounds of formula (A) wherein R'^ and R^ each represent 
hydrogen. 

Particular reduction methods disclosed in EP 0306228 are catalytic 
reduction methods and metol/solvent reducing methods. 
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It has now beea discovered that the reduction of the hezvEylidene double 
bond of the compound t^fonnula (A) may be e&cted by a reductase 
enzyme from a microorganism, in particular from a yeast microorganism, 
5 and surpzisingly that the said reduction proceeds in a structure specific 
manner. The reduction is also capable of proceeding in an 
enantioselective manner. 

Certain of the conqiounds obtained in the process are novel and are 
10 indicated to show good blood-glucose lowering activiiy and are therefore of 

potenlM use in the treatment and/or prophylasris of hypeiglycaemia and 
are of particular use in the treatment of Type n diabetes. 

These compomids are also indicated to be of potential use for the 
15 treatment andAor propfaylazis of other diseases including hyperlipidaemia, 
I^pertension, cardiovascular disease and certain eating disorders. 

Accordiogly, the pres«at invention jnrovides a process for preparing a 
compound of formula Q): 

20 




(D 

or a tautomeric form thereof and/or a pharmaceutically acceptable salt 
25 thraeof andAor a phaxsnaceutically acceptable solvate thereof, wherein: 
T represents a substituted or unsubstitutsd aryl group and T^ is O or S; 
which process comprises, treating a compound of fomiula (£0: 



30 
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or a tautomeric fomi thereof and/or a salt thereof and/or a solvate thereof, 
wherein T and are as defined in relation to formula (I), with a 
microbial reductase obtained from an appropriate red yeast; and 
5 thereafter, as required, preparing a phaxmaceutically acceptable salt 
and/or a phaxmaceutically acceptable solvate of the compound of formula 
(I) or a tautomeric form thereof. 

Suitably T represents a moiety selected from the list consisting of (la), 
10 (lb). (Ic), (M), (le), (If), (Ig), (Ih), (B), (fl), (II), (Im), (In), (lo) and dp): 



15 



20 



R 



A— N— (CH,), 




(la) 

wherein A^, A2, r1 and n are as defined in relation to formula (I) of EP 
0306228; 



1 

\ 



2 

L— 0 



13 



(lb) 



wherein r2, jA, l2 l3 are as defined in relation to formula (D of 
£P 0008203; 




25 ac) 

wherein r1, r2, r3, r4^ r5^ w and n are as defined in relation to formxila 
(I) of £P 0139421; 
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ad) 



5 wherein R^, and R3 are as defined in relation to formula (D of 
EP 0032128; 




R N 




ae) 



10 



wherein A, R, R^ and X are as defined in relation to formula (I) of 
EP 0428312; 



15 



(If) 



when A, B, R andR^ are as defined in relation to formula (II) of 
EP 0428312; 



20 




HO 



(ig) 



wherein R^ is as defined in relation to formiila d) of EP 0489663; 



wo 93/10254 



PCr/GB92/02140 



-5- 




(Ih) 



wherein R^, R^, r3 and n are as defined in relation to formula (I) of 
5 BP 0155845; 



N 



•CHjCHgO 




(H) 



10 when Rl is as d^ned in relation to formula (I) of EP 025778 1; 




(CH2)„— 0— (Af> 



(5) 

15 wherein Ar, Rl, r2, r3, r4^ r5, u and W are as defined in relation to 
fonnula (I) of United States Patent No. 5104888; 



(Ik) 



20 



when A, R^, R^ and X are as defined in relation to formula (I) of 
EP 0208420; 
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m 




(H) 



5 when R^, r2, X, Z m and n are as delEmed in relation to formula (D of 
EP 0177853; 




10 



according to fonnula 0) of EP 0319189; 




B 



15 



dm) 



(In) 



wherein A, B, X, X^, ^« n and Z are as defined in relation to formula (D of 
EP 0332331; 




(CH2)„- 



20 



Go) 



wherein V, W, X, Y, Z, Z^ and n are as defined in EP 0332332; and 



X — CHa— O 




25 



dp) 
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wherein Q and X are as defined in relation to formula (I) of International 
AppUcation No. WO 92/18501. 

5 Favourably, T represents a mmety of the above defined formula (la), (Ic), 
(le), (If), (B), (Ik) or (lo). 

In particular T represents a moiety selected from the list consisting of 
(a), (b), (c), (d), (e), (f), (g), (h) and (i): 

10 




CH3 

(c) , (d) 




II 
O 



(e) , (f) 

15 




(g) 



I 



(h), and 
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(i) 



Suitably, T represents a moiety of formula (la) as defined above. 

5 Preferably, represents S. 

Thus, in a preferred aspect, the invention provides a process for preparing 
acompoundoffonnula (Das definedinEP 0306228: Accordingly, the 
mvention provides a process for preparing a compound of formula (1): 



10 



A N— (CH2)„ 




(1) 



15 



20 



or a tautomeric form thereof and/or a pharmaceutically acceptable salt 
thereof, and/or a pharmaceutically acceptable solvate thereof wherein: 
Al represents a substituted or unsubstituted aromatic heteroqydyl gnnp; 
Rl represents a hydrogen atom, an alkyl group, an aeyL group, an arallqrl 
group, wheran the aryl moiety may be substituted or unsubstituted, or a 
substituted or unsubstituted ar^ group; 

A2 represents a benzene ring having in total up to five substituents; and 
n represents an integer in the range of firom 2 to 6; 



25 



which process comprises, treating a compound of formula (2): 
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or a tautomeric form thereof and/or a salt thereof, and/or a solvate thereof* 
5 wherein A^, and n are as defined in relation to formula (1) with a 

microbial reductase obtained from an appropriate red yeast; and 
thereafter, as required, preparing a pharmaceutically acceptable salt, 
and/or a pharmaceutically acceptable solvate of the compound of formula 
(1) or a tautomeric form thereof. 

10 

Unless mentioned to the contrary herein, the suitable, apt, favoured and 
preferred values for each variable in the above mentioned moieties of 
formula (la), (lb), (Ic), (Id), (le), (If), (Ig), (Ih), (li), (Ij), (H), (Im), (In), (lo) 
or (Ip) are as defined in the European and International patent 
15 applications or United States patents mentioned above in respect of each 
of the said formulae. 

In particular, the suitable, apt, favoured and preferred values of the 
variables A^, A^, and n in formula (1) and formula (2) are as defined 
20 in relation to formula (I) of £P 0306228. 

A most preferred value of A^ in formula (1) and in formula (2) is a 2- 
pyridyl group. 

25 A most preferred value of A^ in formvda (1) and in formula (2) is a moiety 
of formula: 




30 A most preferred value of R^ in formula (1) and in formula (2) is a methyl 
group. 

ft 

A most preferred value of n in formula (1) and in formula (2) is 2. 
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A most preferred value of T is a moiety of formula (a) as defined above. 

A most preferred value of formula (1) is 5-(4-[2-(N-methyl-N-(2- 
pyridyl)amino)etho3qr]benzyl>2,4-thia«)lidinedione, or a tautomeric form 
5 thereof and/or a phaimaceuticaUy acceptable salt thereof, and/or a 
phaimaoeutically acceptable solvate thereo£ 

A most preferred value of foranula (2) is 5-(4-[2-(N-methyl-N-(2- 
pyridyl)amino)etho3Qr]bewHdeme)-2,4-thiazoHdinodione or a tautomeric 

10 form thereof and/or a salt thereof, and/or a solvate thereof. 

Unless mentioned to the contrary herein, the suitable, apt, favoured and 
preferred phaimaceuticany acceptable salts, phaunaceuticaUy acceptable 
solvates and tautomeric fenns of each of the compounds in the above 
15 mentioned moieties of formula (la), (lb). (Ic), ad), (le), (If), (Jg), Oh), (K), 
(B), (E), dm), (In), ao) or dp) are as defined in the European or 
International patent appUcations or United States patents mentioned 
above in respect of each of the said formulae. 

20 In particular,suitable phaimaceutically acceptable salts indude metal 

salts, such as for example alumimum, alkali metal salts such as sodium or 
potassium, alkaline earth metal salts such as caldum or magnesium and 
ammonium or substituted ammonium salts, £dr example those with lower 
alkylamines such as triethylamine, l^rdroxy alkjtoaaines such as 2- 

25 hydrw^ethylamine, bis-(2-hydroxyethyl)-amine or tri-(2-hydrosyethyl)- 
amine, cydoalkylamines such as Iriiydoh^lamine, or with procaine, 
diben^lpipetidine, N-benzyl-p-phenethylamine, dehydroabietylamine, 
N,N'-bisdehydroabietg>lamine, giucamine, N-methylglucamine or bases of 
the pyridine type audi as pyridine, odUidine or quindine. 



In particular, suilable pharmaoeutically acceptable 
hydrates. 



An appropriate red yeast is a red yeast which provides the above 
35 mentioned reductioxk, induding known red yeasts and those red yeasts 
whidi may be produced fimn known red yeasts by conventional methods, 
sudi as conventional mutation methods, induding the use of ultra-violet 
li^t, chemicflT mutag^c agents and genetic manipulation. 
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Particular red yeasts include those species of the genera Rhodotorula, 
Rhodosporidium or synonyms thereof. 

6 Particular examples of the genera Rhodotorula include Rhodotorula 

glutinis CBS 4406, Rhodotorula rubra CBS 6469, Rhodotorula rubra CBS 
17 and Rhodotorula glutinis IFO 0869. 

Particular examples of the genera Rhodosporidium include 
10 Rhodosporidium toruloides CBS 14, 

Suitable species of the genera Rhodotorula and Rhodosporidium and 
synonyms thereof are as disclosed in *The Yeasts*, 2nd edition,1970, 
J.Lodder (ed.), North-Holland Publishing Co. 

15 

Known red yeasts may be obtained from the appropriate collection such as 
those disclosed in the National Collection of Yeast Cultures Catalogue, 
1990, AFRC, Institute of Pood Research, Norwich, UK 

20 Rhodotorula glutinis CBS 4406, Rhodotorula rubra CBS 6469, 

Rhodotorula rubra CBS 17 and Rhodosporidium toruloides CBS 14 are 
known yeast microorganisms and may be obtained from Centraal btireau 
voor Schimmelcultures, Baam, Delft, Netherlands. Rhodotorula glutinis 
IFO 0869 is a known yeast microorganism and may be obtained from the 

25 Institute for Fermentation, Osaka, Japan. 

The compounds of formula (I) and formida (1) have at least one 
asymmetric carbon atom, indicated with an asterisk '"^^ in the formulae; 
they may therefore exist in at least two optically isomeric forms. 

30 

The compounds of formula (II) may be prepared according to known 
methods, for example by use of the appropriate method disclosed in the 
abovementioned European and International patent applications or U.S. 
patents. The contents of the abovementioned European and International 
35 patent applications and U.S. patents are incorporated herein by reference. 

In particular compounds of formula (2) may be prepared according to the 
methods disclosed in EP 0306228. 
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The microbial reductase en27mes may be obtained fifom the appropriate 
red yeast by conventional cultuiing techniques such as those disclosed in 
J. BacterioL. 1982, VoLlSO 498-505. H. Gilbert and M. TuUy, European 
5 Patent Application No. 0198440 and British Patent No. 1,474,519. 

The reductase may be isolated as a pure enzyme or, in the alternative a 
suitable source of the reductase may be incorporated into the zeaction. 

10 Suitable sources of liie reductase indude whole yeast cell cultures or 
immobilised yeast ceUs from the abovementioned organisms, suitably 
wherdn the yeast oeUs are Rhodotorula glutinis CBS 4406 or Rhodotorula 
rubra CBS 6469. 

15 The organisms may be grown in any suitable growth medium, including 
yeast ejctract, synthetic medium, fiw example peptone, or mixtures thereof 
for example a yeast extract / peptone broth, at any temperature 
commensuzate with growth of liie organism, beinir generally an ambient 
or slighHy elevated tenq>erature, such as a temperature in the range of 

20 from 20OC to 50^0 according to the nature of the organism employed, a 
suitable temperature being in the range of from 20OC to 40OC, fevourably , 
suitably 20OC to 30OC, for example 280C. 

The reduction of the compound of formula (JD may be carried out in any 
25 suitable solvent, including the above mentioned growth medium, or, after 
separation and transfer of the cells or immobilised cells, in a salt solution, 
such as a buffer, for exan^Ie an aqeous citrate buffer pH3.75 containing 5 
w/v sucrose. 

30 Generally, the compound of formula OD is introduced into Ute reaction 
^tem as a solution in an organic solvent which may be a water misctble 
solvent such as dioxan, a partial^ misdble solvent, such as methyl 
acetate, or a water immiscible solvent, such as ethyl acetoacetate. The 
reaction may then carried out in the resulting single or two phase system. 

35 

The reaction may be carried out at any pH whidi provides a suitable rate 
of formation of the required product which is generally a pH in the range 
of from 2 to 10, such as in the range of from2 to 7, 4 to 8 or 7 to 10, or 
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more particularly in the range of from 2 to 4, 3 to 5, 4 to 6» 5 to 7, 6 to 8 or 
8 to 10, for example at pH3 or pH8. 



In one particular aspect of the invention, the reaction is carried out at an 
5 acidic pH, which is indicated to provide an stereoselective reduction of the 
substrate, to provide a product enriched in one enantiomer (The selected 
enantiomer*) of the asterisked carbon atom. 



Accordingly, there is provided a process for the preparation of a compound 
10 of formula (I) (hereinafter referred to as the *enantiomerically enriched 
compound (D*) wherein greater than 50% w/w of said compound is in the 
form of a compoimd of formula (lA) : 




or a tautomeric form thereof and/or a pharmaceutically acceptable salt 
thereof and/or a pharmaceutically acceptable solvate thereof, wherein T 
and are as defined in relation to formula (I) and the carbon atom is 
an enantiomeric carbon atom^which process comprises reacting a 

20 compound of the above defined formula (II) with a microbial reductase 
obtained from an appropriate red yeast and wherein the reaction is 
carried out at an acidic pHj and thereafter, as required, preparing a 
phazmaceutically acceptable salt and/or a pharmaceutically acceptable 
solvate of the enantiomerically enriched compound (I) or a tautomeric 

25 form thereof. 

The values of variable T and in the compound of fonnula (lA) are as 
discussed above in respect of the compound of formula (I). 

30 A most preferred form of the compound of formula (lA) is (+) 5-(4-[2-(N- 
niethyl-N-(2-pyridyl)amino)ethoxy]-benzyl)thiazoUdine-2,4^ or a 
tautomeric form thereof and/or a pharmaceutically acceptable salt thereof 
and/or a pharmaceutically acceptable solvate thereof. 
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A suitable acidic pH is a pH ia the range of from 2 to 6. especially 2 to 4. 
and preferably at pH3. 

The stereoseledive process provides the enamtiomericaUy enriched 
6 compound (D enriched in the enantiomer having the same stereochemistry 
at the asterisked carbon atom as the equivalent carbon atom in (+) - 5-(4. 
[2-(N-methyl-N-(2-pyridyl)amino)ethosy]-ben^)tljiaaoKdine-2,4-di^^^^ 

X-iay analysis indica^ diis to be the ^)-enaiitioiiia: 

10 The reaction conditions, such as the particular acidic pH and the reaction 
temperature which provide optimum enrichment for amy particular 
enaatiomerically enriched con^und (1) may be determined by routine 
^perimen^tion. 



Suitably, the stereoselective reaction provides enantiomerically enriched 
compound (D whereia greater than 70% w/w is compound (IA); and 
fevourably greater tiian 80% w/w. Most i&vourably, tiie product from the 
stereoselective process provides enantiomerically enriched compound (D 
wherein 80-100% w/w is the compound of formula (IA), preferably 90- 
100%, sudi as 90-95%, and most preferably 95-100%. &r esample 95%, 
96%, 97%, 98%, 99% or 100% w/w of compound of formula OA). 

The above mentioned enantiomerically enriched compound 0) is 
w««Jered to form a further aspect of the present invention. Accordin^y 

the present invention provides enantiomerically enriched compound (D or 
a tautomeric form thereof and/or a pharmaceutically acceptable salt 
thereof and/or a pharmaceuticany acceptable solvate thereof. 

The present invention also provides enantiomerically enriched compound 
(D or a tautomeric form thereof and/or a pharmaceuticaEy acceptable salt 
thereof and/or a pharmaceutically acceptable solvate thereof, wheran 
greater 60% w/w is in the form of compound (IA); suitably greater 
than 70% w/w and fiivourably greater than 80% w/w. Most favourably, 
the enantiomerically enriched compound (D is in a form wherein 80-100% 
w/w is a compound of formula (IA), preferably 90-100%, such as 90-95%, 
and most preferably 95-100%, for example 95%, 96%, 97%, 98%, 99% or , 
100% w/w of a compound of formula OA). 



WO93/I0254 
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In one preferred aspect there is provided a compound of formula (lA) or a 
tautomeric form thereof and/or a pharmaceutically acceptable salt thereof 
and/or a pharmaceutically acceptable solvate thereof, preferably in 
optically pure form. 

5 

The absolute stereochemistry of compounds may be determined using 
conventional methods, such as X-ray crystallography. 

The reductions may be carried out at any temperature which provides a 
10 suitable rate of formation of the required product, being generally an 
ambient or sUghtly elevated temperature, such as a temperature in the 
range of from 20OC to SQOC, such as in the range of from 20^0 to 40^C and 
preferably in the range of from 20^ to SO^C, for example 280C. 

15 The product fr^m any of the above reactions may be purified by phase 
separation and/or extraction into a suitable solvent, such as 
dichloromethane and thereafter, if required it may be chromatographed. 

■ 

The above mentioned reactions may also be carried out using continuous 
20 production methods involving continuous recycling of the organic phase in 
the reaction or immobilisation of the cells and passing the substrate in 
organic solution over the im : •obilisec' biomass in a colimm, loop reactor or 
other similar reactor. 

25 Immobilised cell preparations may be prepared according to conventional 
procedures, for example those disclosed in 'Alginate as immobilisation 
matrix for cells'; Smidsrod and Shjak-Braek, Tibtech 1990, 8, 71-78 or 
'Immobilised enzymes and cells'; Rosevar, Kennedy and Cabral, lOP 
PubUshing Ltd., 1987. 

30 

As mentioned above the enantiomerically enriched compound (I) is 
indicated as having useful therapeutic properties: The present invention 
accordingly provides enantiomerically enriched compound (I), or a 
tautomeric form thereof and/or a pharmaceutically acceptable salt thereof 
35 and/or a pharmaceutically acceptable solvate thereof, for use as an active 
therapeutic substance. 
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Thus the present invention provides enantiomericaUy enriched compound 
a), or a tautomeric fiwm thereof and/or a pharmaceuticaEy acceptable salt 
thereof and/or a phannaceutically acceptable solvate thereof, for use in 
♦kii i^atmtmt of and/or oroohvlajds of hyperglycaemia. 



In a further aspect the present invention also provides enannomencauy 
enriched compound 0), or a tautomeric form thereof and/or a 
phannaceutically acceptable salt thereof and/or a pharmacentically 
acceptable solvate thereof for use in the treafanent and/or prophylaxis of 
i,™,»^««Mneim«. hvnertension. cardiovascular disease and certain eating 



disorders. 



EnantiomericaUy enriched compound (D, or a tautomeric form thereof 
and/or a pharmaceutically acc^table salt thereof and/or a 
15 pharmaceutically acceptable solvate tiiereof, may be administered aSE fifi 
or, preferably, as a pharmaceutical conqposition also comprifflng a 
pharmaceutical^ acceptable carrier. 

Accordingly, the present invention also provides a pharmaceutical 
20 composition comprising enantiomericaUy enriched compound (D, or a 

tautomeric form thereof, or a pharmaceuticaUy acceptable salt thereof, or 
a pharmaceuticaUy acceptable solvate thereof and a pharmaceuticaUy 
acceplable carrier therefor. 

25 As used herein the term 'pharmaceuticaUy acceptable' embraces 

compounds, compositions and ingredients fbr both human and veterinary 
use: for esan^le the term 'pharmaceuticaUy acceptable salt' embraces a 
veterinarily acceptable salt. 

30 The composition may, if desired, be in the form of a pack accompanied by 
written or printed instructions for use. 

UsuaUy the pharmaceutical compositions of the present invention wUl be 
adapted for oral administration, although compositions for administration 
35 by other routes, sudi as by iqjection and pOTCutaneous absorption are also 

9 

eavisaged. 
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Particularly suitable compositions for oral administration are unit dosage 
fozms such as tablets and capsules. Other fixed unit dosage forms, such 
as powders presented in sachets, may also be used. 

5 In accordance with conventional pharmaceutical practice the carrier may 
comprise a diluent, filler, disintegrant, wetting agent, lubricant, 
colourant, flavourant or other conventional a4juvant. 

I^pical carriers include, for example, microcrystalline cellulose, starch, 
10 sodium starch glyooUate, polyvinylpyrrolidone, polyvinylpolypyrrolidone, 
magnesium stearate or sodium lauryl sulphate. 

Most suitably the composition will be formulated in unit dose form. Such 
unit dose will normally contain an amoimt of the active ingredient in the 
15 range of &om 0.1 to 1000 mg, more usually 0.1 to 500 mg, and more 
especially 0.1 to 250 mg. 



20 



25 



30 



The present invention fiirther provides a method for the treatment and/or 
prophylaxis of hypex^^ycaemia in a human or non-human mammal which 
comprises administering an effective, non-toxic, amount of 
enantiomerically enriched compoimd (I)), or a tautomeric form thereof 
and/or a pharmaceutically acceptable salt thereof and/or a 
pharmaoeutically acceptable solvate thereof to a hyperglycaemic human or 
non-human mammal in need thereof. 



The present invention further provides a method for the treatment of 
hyperlipidaemia in a human or non-human mammal, which comprises 
administering an effective, non-toxic, amount of enantiomerically enriched 
compound (I), or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof and/or a pharmaceutically acceptable solvate 
thereof, to a hyperlipidaemic human or non-human mammal in need 
thereof. 



Conveniently, the active ingredient may be administered as a 
35 pharmaceutical composition hereinbefore defined, and this forms a 
particular aspect of the present invention. 
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In the treatment and/or prophylaads of hypeiglycaemic humans, and/or 
the treatment and/or prophylaxiB of hyperUpidaemic hximan, the 
enantiomerically enriched compound (D, or a teutomeric form thereof 
and/or a pharmaceutically acceptable salt thereof and/or a 
phannaceutlcany acceptable solvate thereof may be taken in doses, such 

as those described above, one to sis times a day in a manner such that th 
total daily dose for a 70 kg adult wiU generally be in the range of firom 0. 

to 6000 mg, and more usually about 1 to 1500 mg. 

In the treatment and/or prophylaxis of hyperglycaemic non-human 
«.om»«al«, especially dogs, the active ingredient may be adminstered by 
mouth, usually once or twice a day and in an amount in liie range of frM 
about 0.025 mg/kg to 25 mg/kg, for example 0.1 mg/kg to 20 mg^. 
Similar dosage regimens are suitable for the treatment and/or prophylaa 

r 

of hyperlipidaemia in non-human mammals. 

The dosages regimens for the treatment of hypertension, cardiovascular 
disease and eating disorders will generaUy be those mentioned above in 
relation to hyperi^ycaesna. 

In a further aspect the present invention provides the use of 
enantiomerically enriched compound (D, or a tautomeric form thereof 
and/or a phaxmaoeuiically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof, for the manufacture of a 
mp^jicffmftnfc fbr the treatment and/or prophylaxis of hyperglycaemia. 

The present invention also provides the use of enantiomerically enriche< 
compound 0), or a tautomeric fiam Uiereof and/or a pharmaceutically 
accepteble salt thereof and/or a pharmaceutically acceptable solvate 
thereof, for the manu£Eicture of a medicament for the treatment and/or 
prophylaxis of hyperUiadaemia, hypertension, cardiovascular disease or 
certain eating disorders. 



The following Examples illustrate the invention. It will be appreciated 
35 that catalytic activity, and hence yields may be improved by carrying out 
strain improvement on the organism, by known techniques. 



wo 93/10254 



PCT/GB92/02140 



-19. 

l&zaimplles: PirepaursitaosiL of MncroMollogiefiill Gmltaur® Mediimm 

The following microbiological cialture media were used in the examples 
given: 

5 

Medium A; yeast extract (lOg), and mycological peptone (20g) were 
dissolved in de-ionised water to make 1 litre and the pH was actuated to 
7.0-7.2 by the addition of 2M sodium hydroxide solution. This was 
dispensed in 90ml volumes into 500ml Erlenmeyer flasks prior to 
10 sterilisation, after which 10 ml of 30% w/v D-g^ucose solution was added 
to eadi flask with filter sterilisation. 

Medium B; (NH4)2HP04 (13g), KH2PO4 (7g), yeast extract (3g), 
MgS04.7H20 (0.8g), NaCl (O.lg), ZnS04.7H20 (60mg). FeS04.7H20 

15 (90mg), CUSO4.5H2O (5mg) and MnS04.4H20 (lOmg) were dissolved in 
de-ionised water to make 900ml and the pH adjusted to 7.0-7.2 by the 
addition of 2M sodium hydroxide solution. This was dispensed in 90ml 
aliquots into 500 ml Erlenmeyer flasks for pressure sterilisation after 
which 10ml of 40% (w/v) D-glucose solution was filter sterilised into each 

20 flask. 



Ez&mplo is BodmcMom Usmg IPme ¥<BSLst CdUs. 

25 A loopfiil of Rhodotorula rubra CBS 6469 was used to inoculate a shake 
flask of medium A and this was incubated with shaking at 28®C for 72h. 
This broth (1ml) was used to inoculate a similar flask of medium A which 
was shaken as before for 48h prior to centrifugation. The pellet was 
resuspended in O.IM Tris/HCl buffer pHS.O containing 5% (w/v) sucrose 

30 giving a 1.3 relative broth cell density. To a portion of this suspension 
{4tOmD in a 250ml Erlenmeyer flask was added &<4*[2-(N-methyl*N-(2- 
pyridyl)a£mno)ethoxy]benzyUdene)thiazoUdine-2,4-dion^ (7.5ml of a 
5mg/ml solution in l»4-dioxan) and the mixture shaken at 28^C for 22h. 
Centrifiigation was followed by removal of 41.5ml of supernatant which by 

35 hplc indicated an 80% production of 5-(4-[2-(N-methyl-N-(2- 
pyridyl)amino)ethoxy]-benzyl)thiazolidine-2,4-dione. 
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Esaimpl© & ]8«dlTiB©4ii<m UsSsag lDim<atoiiM8©d Yeas* CdHs 

A loop&l oiRhodotonda mbm CBS 0469 was used to inoculate a shake 
flaskof mediumB and tiiis was incubated with shaking at 28«»C for 72h. 
5 This broth(lnd)wasW to inoculate similar flasks of medium Bw^ 

were shaken as before for 48h prior to centrifugaiion of 120ml of the 
broth. The results^ pellet was washed once in 0.1MTris/HClbufifer 
pH8 0 and resuspended to 12.Sml in this buffer. An equal volume of 2% 

(wAr) sodium alginate solution m the same buffer was added and the cells 
10 immobflisedufflngstandardmethodologyCAlginateasimmobilisation 

matrix for cells. Smidsrod and Slgak-Braek, Tibtech 1990, fi. 71-78). The 
resulting beads were washed in the Tris buffer previously described and 
tiie volume made up to 40ml with this buffer. To this suspension in a 250 
ml Erlenmeyer flask was added 6-(4-[2.(N.methyl-N.(2.pyridyl)amino)- 
15 etho3qr]benzylidene)thiazoUdine-2,4^one (7.5ml of a 5mg/ml solution in 

14HJiosan) and tixe mixture shaken at 28-C for 22h. The supernatant 
was decanted and the beads washed with 50 ml of 20% (v/v) 1,4-diosan in 
the Tris buffer. Hplc of the combined solutions indicated a conversion to 
87% of 5-(442-(N-methyl-N.(2-pyridyl)ammo)etii03qr]ben2yl)tiiiaMHdm^ 

a»fPAH»d into dichloromethane and the 



phase dried over magnesium < 
; as confirmed by spectroscopy. 



25 EsampI® Si Eedmcftiom Ustog Fire© Yeast Cels 

AloopM i^Bhodotonda rubra CBS S^69 was used to inoculate a shake 
flask of medium A and this was incubated with shaking at 28'*C for 72h. 
This broth (ImD was used to inoculate a similar flask of medium A which 

30 was shaken as before for 48h prior to centrifugation of 10ml of the broth. 
The pellet was resuspended in 0.3M Tm/SCL buffer pH8.0 containing 5% 
(w/v) sucrose to a volume of 4.0mL To this suspension in a 2Sml 
Erlenmeyer flask was added 6-(4-[2-(N-methyl-N-(2- 
pyridyl)amino)etiioxy]benzylidene)thiazolidine.2,4-dione (0.55ml of a 

35 8.33mg/'ml solution in 1,4-dioxan) and the mixture shaken at 28*0 for 4h. 
Assay of the reaction mixture by hplc indicated a conversion to 59% to 
product (5-[4-(2-(N-methyl-N-(2.pyridyl)amino)ethoxy]- 
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benzyl)thiazolidine-2,4-dione) which had an enantiomer ratio identical to 
a racemic standard. 

Example 4: Production of Enantiomerically Enhanced Product. 

5 

Rhodotorula rubra CBS 6469 was grown as described in Example 1, and 
the cell pellet from 66ml centrifuged medium was resuspended to 25ml in 
O.IM dtrate buffer containing 5% w/v sucrose at either pH 3.0, 3.5 or 4.0. 
To each was added 3.44ml of a 8.33mg/ml solution of 5-(4-[2-(N-methyl- 
10 N-(2-pyridyl)amino)-ethoxy]benzylidene)thiazolidine-2«4-dione in 1»4- 

dioxan. After shaking in flasks for 4h the reaction mixtures were assayed 
by hplc for product. 

% conversion enantiomer ratio 



pH to product of product 

3.0 71 >98:<2 

3.5 77 95:5 

4.0 81 91:9 



15 Using these results the pellet from 220ml broth was resuspended in 88ml 
of citrate buffer/sucrose pH 3.75 and to each of two 44ml portions in 500ml 
flasks was added 6ml of the above substrate solution. After 3h. 20min 
shaking at 28^0 the reaction mixtures were centrifuged and the cells 
washed with 25ml of 12%v/v l94-dioxan in the above buffer system. Hplc 

20 indicated a 94:6 enantiomer ratio of product in the combined supernatant. 

The solution was reduced to 2/3rds original volume under vacuum at room 
temperature to remove dioxan. The solution was basified to pH8 using 
10% aqueous ammonia and extracted with dichloromethane (3 x 50ml). 

25 The combined organic extracts were dried (MgS04), filtered^ evaporated to 
dryness under vacuum at <25^C and the gummy product was dissolved in 
water (10ml) containing concentrated hydrochloric add (0.2ml). After 
cooling to 2°C for 24 hours this solid was filtered and dried under vacuum 
(20°C) to give (+)-5-(4-[2-(N-methyl-N-(2-pyridyl)amino)ethoxy]- 

30 benzyl)thiazolidine-2,4-dione hydrochloride, (mp 123.5- 124^0; water) 
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Example 6: Beduction using JJ&odbtonrfa gluHnis CBS 4406 

RhodotoruiagbUinis CBS 4406 was cultured as described in Example 2, 
to provide 120ml btotfL The broth was centrifuged and lesuspended to 
5 12.5ml in pH 8.0. 0.IM tris/HQ buffer containing 5% (w/v) sucrose. An 
equal volume of 2% (wAr) sodium alginate was added and the cells were 
immobiHsed as in Example 2, then resuspended to 40ml in the above 
buffer. The suspension was dispensed into a 250ml Erlenmeyer flask, to 
which was added 7.5mls of a 5mg^ml solution of 5-(4-[2-(N-methyl.N-(2- 
10 pyridyl)amino)ethoxy]benzyUdene)thiazoHdine-2,4-dione in 1.4-dioxan. 
The flask was shaken for 22h at 28«C, then the supernatant was analysed 
using hplc which indicated a 61% production of 6-(4-[2-(N-methyl-N-(2- 
pyridyl)aimno)ethoxy]benzyl)thiazolidine-2,4-dione. 

15 Example 6: Beductiim using Rhodotorula rubra CBS 6469 

Rhodotarula rubra CBS 6469 was cultured as described in Example 1. 
Broth (12mls) was centrifuged and resuspended to 4.0ml in pH 9.0, 0.3M 
Tris/HCl buffer containing 5% (wAr) sucrose. The suspensiott was 
20 dispersed into a 25ml Erlenm^ flask, to which was added 0.55ml of a 

8.8mgM solution of 5-(4r[2-N-(2-benzoxazolyI-(N- 
meaiyl)amino)ethoxy]bem?yUdene)thiazoIidine-2,4-dione in 1,4-dioxan. 
The flask was shaken for 24h. at 28»C, then the broth was analysed using 
hplc which indicated a 49% production of 5-(4.[2.N-](2-benzoxazolyl-(N- 
25 nietii3d)amino)ethoxy]benzyl)thiaa»Iidine-2,4-dione. 



30 
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Claims 



1. A process for preparing a compound of formula (I): 




(D 



or a tautomeric form thereof and/or a pharmaceutically acceptable salt 
thereof and/or a pharmaceutically acceptable solvate thereof, wherein: 
10 T represents a substituted or unsubstituted aryl group and is O or S; 
which process comprises, treating a compound of formula (II): 




(H) 



or a tautomeric form thereof and/or a salt thereof and/or a solvate thereof, 
wherein T and are as defined in relation to formula (I), with a 
microbial reductase obtained firom an appropriate red yeast; and 
thereafter, as required, preparing a pharmaceutically acceptable salt 
20 and/or a pharmaceutically acceptable solvate of the compound of formula 
(I) or a tautomeric form thereof. 

2. A process according to daim 1, wherein T represents a moiety 
selected firom the Ust consisting of (la), (lb), (Ic), (Id), (le), (If), (Ig), (Ih), 
25 (E), (]j), (fl), (Im), (In), (lo) and (Ip): 
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A— N-^(CH2)„— O 




(la) 



wherein A^, a2 r1 and n are as defined in relation to formula (D of EP 
0306228; 




(lb) 



wheran r2 l2 and l3 are as defined in relation to formula (D of 
10 EP 0008203; 




(CHA 




ao 



15 wherein R\ R2, R3, R*, r5, W and n are as defined in relation to formula 
a) of EP 0139421; 



(Id) 



20 



wherein R^, R^ and R^ are as defined in relation to formula (D of 
EP 0032128; 
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1 




(le) 

wherein A, R, and X are as defined in relation to formula (I) of 
5 EP 0428312; 

(If) 

10 when A, B, R and R^ are as defined in relation to formula (II) of 
EP 0428312; 



O 




(Ig) 

15 

wherein RI is as defined in relation to formula (I) of EP 0489663; 



R 




OR 

(Ih) 

20 

wherein R^, R^, R^ and n are as defined in relation to formula (I) of 
EP 0155845; 
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when Rl is as defined in relation to fonnnla (I) of EP 0257781; 

5 

s 



R 




wherein Ar, R2 r3, r4 r5, n, U and W are as defined in relation to 
10 formula (D of United States Patent No. 5104888; 




(Ik) 



15 when A» BX, R2 and X are as defined in relation to fi>rmula (D of 
£P 0208420; 



{CH2)n 




(n) 



20 

when B,\ r2, X, Z m and n are as defined in relation to fomuila (D of 
EP 0177353; 
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wherein A, B, X, X^, n and Z are as defined in relation to formula (I) of 
10 EP 0332331; 




Z 

do) 

15 wherein V, W, X, Y, Z, Z^ and n are as defined in EP 0332332; and 




dp) 

20 wherein Q and X are as defined in relation to formula (I) of International 
AppUcation No. WO 92/18501. 

r 

3. A process according to claim 1 or claim 2, wherein T represents a 
moiety selected from the list consisting of (a), (b)» (c), (d), (e), (f), (g), (h) 
25 and (i): 
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(l j CH3 




(a) 



(b) 



CH3 

HO i ^ 



CHrV^or 
CH3 



(0 




N 






(d) 




(e) 




(0 





Cg) 



(hXand 




(i) 



4. A process accordiiJ^ to any one of daimsl to 3, wherein T represents 
a moiely of formula (la). 



10 
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5. A process according to any one of daimsl to 4» wherein 
represents S. 

6. A process according to claim 1 for the preparition of a compound of 
5 formula (1): 



1 




10 or a tautomeric form thereof and/or a phannaceutically acceptable salt 
thereof, and/or a pharaoaceutically acceptable solvate thereof, wherein: 
A^ represents a substituted or unsubstituted aromatic heterocydyl group; 
r1 represents a hydrogen atom, an all^l group, an acyl group, an aralkyl 
group, wherein the aryl moiety may be substituted or unsubstituted, or a 

15 substituted or xmsubstituted aryl group; 

A^ represents a benzene ring having in total up to five substituents; and 
n represents an integer in the range of from 2 to 6; 

which process comprises, treating a compound of formula (2): 

20 

1 



R 




or a tautomeric form thereof and/or a salt thereof, and/or a solvate thereof, 
25 wherein A^, A^, and n are as defined in relation to formula (1) with a 
microbial reductase obtained firom an appropriate red yeast; and 
thereafter, as required, preparing a pharmaceutically acceptable salt, . 
and/or a pharmaceutically acceptable solvate of the compoimd of formula 
(1) or a tautomeric form thereof. 
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7. A process according to daim 6, wherein ihe compound of formula (1) 
i8 5-(4-C^N-methyl-N-(2-pyridyl)amino)etho2y]benzyl)-2,4- 

thiazolidinedione. or a toutomeric form thereof and/or a phaimaceutically 
5 acceptable salt thereof and/or a phaimaceutically acceptable solvate 
thereo£ 

8. A process according to any one ofdaimsl to 7, wherein an 
appropriate red yeast is a red yeast which provides the above mentioned 

10 reduction, including known red yeasts and those red yeasts which may be 
produced from known red yeasts by conventional metiiods. 

9. A process according to any one ofdaimsl to 8, wherein an 
appropriate red yeast is a red yeast from the spedes of the genera 

16 Bhodotorula, Rhodosporidium or synonyms thereof. 

10. A process according to any one of daimsl to 9 wherein an 
aM>n)priate red yeast is Rhodotorukt gludms CBS 4406, Bhodotorula 
rubra CBS 6469, Rhodotorula rubra CBS 17 ajodRlwdotondaglutims 

20 IFO 0869. 

11. A process according to any one ofdaimsl to 9 wherein an 
appropriate red yeast is Rhodosporidium toruloides CBS 14 

25 12. A process for the preparation of a compound of formula (D ( the 
•enantiomerically enridied compound (D') wherein greater than 50% w/w 
of said compound is in the form of a compound of formula OA) : 



30 




OA) 

or a tautomeric form thereof and/or a phaimaceutically acceptable salt 
thereof and/or a phaimaceutically acceptable solvate thereof, wherran 1 
and Tl are as defined m relation to formula (D and the '**' caibon aton 
an ononijnmAric carhon atom.which nrocess comprises reacting a 
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compound of the above defined formula (II) with a microbial reductase 
obtained from an appropriate red yeast and wherein the reaction is 
carried out at an acidic pH; and thereafter, as required, preparing a 
pharmaceutically acceptable salt and/or a pharmaceutically acceptable 
6 solvate of the enantiomerically enriched compound (I) or a tautomeric 
form thereof. 

13. Enantiomerically enriched compound (I) or a tautomeric form 
thereof and/or a pharmaceutically acceptable salt thereof and/or a 

10 pharmaceutically acceptable solvate thereof, wherein greater than 50% 
w/w is in the form of compound (lA) 

14. A compoimd of formula (lA) or a tautomeric form thereof and/or a 
phaxmaceutically acceptable salt thereof and/or a pharmaceutically 

15 acceptable solvate thereof^ in optically pure form. 

15. Enantiomerically enriched compound (I), or a tautomeric form 
thereof and/or a pharmaceutically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof, for use as an active 

20 therapeutic substance. 

16. Enantiomerically enriched compound (1), or a tautomeric form 
thereof and/or a pharmaceutically acceptable salt thereof and/or a 
pharmaceutically acceptable solvate thereof, for use in the treatment of 

25 and/or prophylaxis of hyperglycaemia, hyperlipidaemia, hypertension, 

cardiovascular disease and certain eating disorders. 

* 

17. A pharmaceutical composition comprising enantiomerically 
enriched compound (I), or a tautomeric fonn thereof, or a 

30 pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable 
solvate thereof, and a pharmaceutically acceptable carrier therefor. 
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